Objectives: Non-vitamin K oral anticoagulants (NOACs) or vitamin K antagonists 
The increase in non-vitamin K oral anticoagulant (NOAC) prescription has raised concern in clinical practice about safety and possible drugdrug interactions with other medication. NOAC and vitamin K antagonists (VKA) are indicated for the prevention of stroke and systemic embolism in atrial fibrillation and for treatment of venous thromboembolism. A strict laboratory monitoring is needed to ensure therapeutic efficacy of VKA. Over the past few years, apixaban, rivaroxaban, dabigatran, and edoxaban have been introduced as NOAC and offer several advantages over VKA. 1, 2 These NOAC mitigate clot formation by interfering selectively with thrombin or factor Xa and have a rapid onset of therapeutic action, shorter half-life, and predictable pharmacodynamic effects, and do not require routine laboratory monitoring compared with VKA. However, drug-drug interactions need to be considered to avoid an increased bleeding risk. 3 There is evidence that SSRI may increase bleeding risks, particularly when combined with VKA. 4 It is unknown if a similar risk is conferred by coadministration of NOAC with SSRI or other antidepressant medication.
Selective serotonin reuptake inhibitors (SSRIs) are widely used in the treatment of depression, especially among older people. 5, 6 In addition to being present on nerve cells, serotonin receptors are also expressed on the surface of platelets, and by inhibiting the reuptake of the agonist, SSRIs prolong the action of serotonin once released.
Thus, SSRIs reduce the ability of platelets to aggregate and increase the risk of bleeding.
7
The aim of the present retrospective epidemiological study was to investigate bleeding events in patients with NOAC or VKA treatment in combination with antidepressant drug therapy (ADTx) in a real world setting. The group of patients receiving SSRI was compared with patients receiving other ADTx.
| MATERIALS AND METHODS
This study was approved by the Ethics Committee of the Medical University of Vienna (EK-No. 2198/2016) and was performed in accordance with the Declaration of Helsinki.
| Data preparation
The health insurance system in Austria provides health care for all residents who are assigned membership to one of the several health insurance funds according to their current or former employment or province of residence. Data from medical services covered by the health insurance funds are stored in the respective databases. These include demographic data, information on hospital discharges with primary diagnoses coded using the ICD-system and reimbursed drug pre- 
| Clinical endpoints
Gastrointestinal bleeding (GI bleeding, ie, I85.0, K25-28, K62.5, K62.6, and K92), cerebral haemorrhage (ie, I61), and bleeding anaemia (D62)
were defined as bleeding events by using ICD codes and subcodes from hospital discharge diagnosis during the observation period. Comorbidities were defined by ATC codes and subcodes. We used medication classified as A10AB-A10AF, except for A10B for diabetes, C02, C03, C07, C08, and C09 for cardiovascular (CV) diseases, and R03 for pulmonary diseases (PDs), respectively. An overlapping intake of anticoagulant and antidepressant medication and 30 days thereafter was investigated with respect to an association with bleeding events.
| Statistical methods
The continuous variable age was described by median, quartiles and maximum. Categorical data are described by absolute frequencies and percentages. The risk for bleeding events was calculated as the ratio of events and the sum of person years under risk for the predefined treatment courses. To determine the number of events, a
Key points
Coprescription of SSRI with oral anticoagulants has a similar risk for major bleedings as the combination with other antidepressants.
generalised linear model with Poisson distribution and log link was used, and the logarithm of person years was used as offset. The possibility of more than one treatment course per patient was modelled with an independent variance-covariance matrix for repeated measurements per patient. Risk differences between groups are described by risk ratios (RRs) and corresponding 95% confidence intervals (95% CIs). All p values ≤ 0.05 were considered statistically significant. Statistical analysis was performed by the statistical software SAS (SAS Institute Inc., Cary, NC, USA).
| RESULTS
Data from 50 196 female and 31 308 male patients with a median age of 76 years (interquartile range 68-83 years) were analysed ( Figure 1 ). previous case reports and studies. [8] [9] [10] [11] This has been reported for upper GI bleedings as well as for the risk of cerebral haemorrhage. 4, 11, 12 A drug-drug interaction may cause an increased bleeding risk, when anticoagulant and antidepressant medications are combined. A pharmacokinetic interaction between SSRI with VKA through the competitive inhibition of cytochrome enzymes (CYP2C9) has been described. 13 Likewise, a potential mechanism for increased bleeding with SSRI may be explained by an additive pharmacodynamic effect on the inhibition of platelet aggregation. [14] [15] [16] [17] In contrast to the assumption that SSRI could result in increased bleeding in patients with NOAC, we could not detect a higher number of selected bleeding events in the group of patients receiving SSRI in this real world analysis compared to other ADTx. Importantly, the increase in bleeding events in patients with NOAC compared with VKA was independent from the class of drugs and occurred also with other antidepressant medicines. This statistical difference was mainly driven by the risk for GI bleedings.
Our results are in line with a recent register study from Sweden that showed a higher risk of GI-bleeding events in patients treated with NOAC compared with those receiving VKA. 18 The Dresden NOAC registry also reported that patients receiving NOAC had a greater GI-bleeding risk, in particular in the lower GI tract, when compared with VKA recipients. 19 In contrast, a previous real-world study from Texas showed a smaller number of GI-bleeding events in patients taking NOAC than those receiving VKA; however, the number of patients treated with NOAC was small. 20 Consistent with our data, recent studies have demonstrated that cerebral haemorrhage occurred less often in patients on NOAC treatment compared with VKA.
18,21
Conflicting results have been reported concerning the bleeding risk of patients receiving SSRI treatment in previous observational retrospective studies, which might be explained by different applied methodologies, health care system, selection bias, or follow-up periods. In the general population, an increased risk of GI bleeding or blood transfusion was associated with SSRI intake. [22] [23] [24] [25] [26] [27] [28] However, recent studies showed that a prestroke SSRI exposure was not associated with increased cerebral haemorrhage. 29 In addition, investigations in patients undergoing cardiac surgery showed that SSRI exposure was not associated with increased bleeding risk or blood transfusion. [30] [31] [32] [33] Our findings are also at variance with results from previous studies comorbidities from disease-specific drugs using ATC codes. Information of prescribed medication is also limited to those medicines, which are reimbursed by the health care providers. Also, in the present study, no information about concomitant nonsteroidal anti-inflammatory drug intake was available, which has been shown to have an impact on bleeding events when combined with SSRI or anticoagulants.
37,38
Furthermore, we were not able to assess adherence to the medications for which prescriptions were filled.
| CONCLUSION
Co-medication of SSRI with NOAC or VKA has no substantial impact on major and clinically relevant bleeding events compared with cotreatment of these oral anticoagulant agents with other antidepressant medicines as assessed from retrospective review of hospital discharge diagnoses. This argues against a clinically relevant increase in the risk for major bleedings associated with SSRI in patients receiving continuous oral anticoagulation.
